yv 


AD-A187  555 


USE  OF  MODERATELY  HYPERTONIC  SODIUM  CHLORIDE 
IN  THE  RESUSCITATION  OF  PATIENTS  FROM  INJURY 


ANNUAL  REPORT 


JAMES  W.  HOLCROFT,  M.D. 
MARY  VASSAR,  R.N. 


AUGUST  8,  1986 


DTIC 

ELECTE 

NOV  0  4  1987 


Supported  by 


U.S.  ARMY  TEDICAL  RESEARCH  AND  DEVELOPfENT  COMMAND 
Fort  Detrick,  Frederick,  Maryland  Z1701-5012 


Contract  No.  DAMD17-85-C-5096 


University  of  California,  Davis 
Department  of  Sergery 
School  of  Medicine 
4301  X  Street,  Room  2310 
Sacramento,  California  95817 

APPROVED  FOR  PUBLIC  RELEASE; 
DISTRIBUTION  UNLIMITED 


The  findings  in  this  report  are  not  to  be  construed  as  an 
official  Department  of  the  Army  position  unless  so 
designated  by  other  authorized  documents 


87 


<  ) 


o 


i  oo  q 


,  if.  ■  . 


USE  OP  MODERATELY  HYPERTONIC  SODIUM  CHLORIDE 
IN  THE  RESUSCITATION  OP  PATIENTS  PROM  INJURY 


ANNUAL  REPORT 


JAMES  W.  HOLCROPT,  M.D. 
MARY  VASSAR,  R.N. 


AUGUST  8 ,  1986 


Supported  by 


U.S.  ARMY  MEDICAL  RESEARCH  AND  DEVELOPMENT  COMMAND 
Fort  Detrick,  Frederick,  Maryland  21701-5012 


Contract  No.  DAMD17-85-C-5096 


University  of  California,  Davis 
Department  of  Surgery 
School  of  Medicine 
4301  X  Street,  Room  2310 
Sacramento,  California  95817 

APPROVED  FOR  PUBLIC  RELEASE; 
DISTRIBUTION  UNLIMITED 


The  findings  in  this  report  are  not  to  be  construed  as  an 
official  Department  of  the  Army  position  unless  so 
designated  by  other  authorized  documents 


6’S'5 

i  if  / 


SECURITY  CLASSIFICATION  OF  This  FACE  (Wh«n  Date  Entered) 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


.  REFORT  NUMBER  |2.  SOVT  ACCESSION  NO.)  1.  RECIPIENT'S  CATALOO  NUMBER 


REPORT  DOCUMENTATION  PAGE 


4.  TITLE  (and  Submit) 

(U)  THE  USE  OF  MODERATELY  HYPERTONIC  SODIUM 
CHLORIDE  IN  THE  RESUSCITATION  OF  PATIENTS 
FROM  INJURY 


S.  TYPE  OF  REPORT  4  PERIOD  COVERED 


ANNUAL 

1  JULY  1985  to  30  JUNE  1986 


6.  PERFORMING  ORS.  REPORT  NUMBER 


7.  AUTHORS 


S.  CONTRACT  OR  GRANT  NUMBER^*; 


JAMES  W.  H0LCR0FT 
MARY  J  .  VASSAR 


DAMD17-85-C-5096 


>.  performing  organization  name  AND  ADDRESS 


UNIVERSITY  OF  CALIFORNIA,  DAVIS 

DEPT  OF  SURGERY,  SCHOOL  OF  MEDICINE 

4301  X  Street  RM  2310  SACRAMENTO,  CA  95817 


II.  controlling  office  name  ano  address 

US  ARMY  MEDICAL  RESEARCH  &  DEVELOPMENT  COMMAND 


10.  PROGRAM  ELEMENT.  PROJECT.  TASK 

62mtmmmm.iz3 


12.  REPORT  OATE 


August  8,  1986 


I 


Fort  Detrick,  Frederick,  Maryland  21701-5012  «*•  number  of  pages 


MONITORING  AGENCY  NAME  4  ADDRESSf//  dl  Iterant  from  Controlling  Otllet)  IS.  SECURITY  CLASS,  (el  thte  report) 

UNCLASSIFIED 


ISa.  DECL  ASSI  FIC  ATION/ DOWNGRADING 
SCHEOULE 


IS.  DISTRIBUTION  STATEMENT  (ol  thia  Report) 


APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  UNLIMITED 


17.  DISTRIBUTION  STATEMENT  (ol  the  ebatrect  entered  In  Block  20,  II  dltterent  from  Report) 


IS.  KEY  WORDS  (Continue  on  reeoree  tide  II  neceeeary  end  Identity  by  block  number) 

Hypertonic  sodium  chloride;  moderately  hypertonic  solutions;  trauma;  fluid 
resuscitation;* systolic  blood  pressure;  heart  rate,  urine  output;  Pa02/FI02 
ratio;  fluid  administered;-" patients;  survival;  shock;  trauma^'  isotonic  solutions 
lactated  Ringer's;  organ  failure;  3 %  sodium  chloriderblood  replacement; 
pulmonary  function;  crystalloid  solutions.  - 


t  Idontlty  by  block  numboc) 


The  purpose  of  this  contract  was  to  test  the  hypothesis  that  3%  sodium  chloride 
will  1)  successfully  resuscitate  hemodynamical ly  unstable  patients  who  have  beer 
subjected  to  major  trauma;  and  2)  will  achieve  this  resuscitation  with  infusion 
of  smaller  volumes  of  solution  than  required  by  patients  resuscitated  with 
standard  isotonic  solutions.  Based  on  the  promising  work  with  hypertonic 
solutions  in  animal  models  of  shock,  this  study  was  begun  as  a  means  of 
obtaining  clinical  experience  in  patients  undergoing  operative  repair  of 
traumatic  injuries.  *Cont. 


DO  1*3  EDITION  OF  I  NOV  SS  IS  OBSOLETE 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  fWfcwn  Dote  Entered) 


tCCUWlTY  CLASSIFICATION  Of  THIS  PAGEHThan  Dmtm  £al»r»tf) 

20.  (continued)  Abstract 

Over  2  hours,  ten  severely  injured  patients  received  3%  sodium  chloride, 
4  r 1/kg/hr,  in  addition  to  isotonic  fluids  as  needed  to  maintain  urine 
output  and  blood  pressure.  Ten  patients  served  as  controls  and  received 
isotonic  fluids  only.  At  the  end  of  2  hours  the  cumulative  fluid 
.  requirements  in  the  3%  sodium  chloride  group  were  39  _+  17  nil /kg  versus 
6S  +  35  r. ■  1  / k g  (p  0.03)  in  the  patients  treated  with  standard  isotonic 
solutions.  The  3%  sodium  chloride  patients  had  significant  improvements 
in  urine  output  and  rore  rapid  correction  of  acidosis.  There  were  no 
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results  from  this  trial  are  very  promising  and  should  now  allow  us  to 
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chloride  solutions  earlier  in  the  course  of  injury,  where  they  are  expected 
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*  SUMMARY 

One  of  the  main  causes  of  death  following  traumatic  injury 
has  been  hemorrhagic  shock.  Based  on  numerous  studies  in  animal 
models  and  in  burn  shock  patients,  there  has  been'  considerable 
interest  in  evaluating  the  efficacy  of  hypertonic  sodium  chlo¬ 
ride  solutions  in  the  resusc i ta t ion  for  traumatic  injury^  The 
purpose  of  this  contract  was  to  initiate  the  clinical  evaluation 
of  a  3%  sodium  chloride  (3%  NaCl)  solution  versus  resuscitation 
with  standard  isotonic  solutions. 

In  brief,  all  patients  had  received  at  least  15  ml*kg_1  of 
Lsotonic  solutions  in  the  hour  before  entry  and  all  had  received 
at  least  5  liters  of  crystalloid  and  2  units  of  blood  since 
their  injury.  All  studies  were  initiated  within  the  first  six 
hours  after  injury.  Over  two  hours,  10  patients  received 
3%  NaCl,  4  ml • <g“l •hr“l f  in  addition  to  isotonic  fluids  as 
needed  to  maintain  urine  output  and  blood  pressure.  Ten 
patients  served  as  controls  and  received  isotonic  fluids  only. 
At  the  end  of  two  hours  the  patients  in  the  3%  NaCl  group 
required  nearly  one-half  the  volume  of  fluid  required  by  the 
controls.  In  addition,  there  was  significant  improvement  in 
urine  output  and  more  rapid  correction  of  metabolic  acidosis  in 
the  patients  treated  with  3%  NaCl.  These  beneficial  effects  in 
the  clinical  setting  support  the  exper imental  models  which 
demonstrate  superiorities  of  hypertonic  solutions  in  resuscita¬ 
tion  from  shock. 
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Background 

Early  adequate  Eluid  resuscitation  remains  crucial  to  the 
ultimate  survival  of  the  hypovolemic  injured  soldier.  The 
majority  oE  deaths  Erom  trauma  occur  prior  to  or  in  the  Eirst 
Eew  hours  alter  reaching  a  treatment  facility  and  are  due  to 
rapid  hemorrhage  or  central  nervous  system  trauma  (1).  Infusion 
o£  standard  isotonic  solutions  frequently  requires  the  adminis¬ 
tration  o£  several  liters  of  Eluid  in  order  to  maintain  hemody¬ 
namic  stability.  Hypertonic  sodium  chloride  (NaCl)  solutions 
have  been  used  to  resuscitate  patients  from  burn  shoe*  (2,3,4). 
In  this  clinical  setting,  they  have  been  shown  to  decrease  the 
total  water  load  required  for  adequate  resuscitation,  a  factor 
which  may  prove  valuable  in  the  ultimate  survival  of  the 
patient. 

Shankford  and  colleagues  studied  the  effects  of  infusing 
moderately  hypertonic  (514  mOsm)  NaCl  solution  to  30  patients 
undergoing  elective  abdominal  aortic  reconstruction  (5). 
Twenty-eight  patients  in  the  lactated  Ringer's  group  received 
10  liters  of  Eluid  Eor  intra-operative  maintenance  of  cardiovas¬ 
cular  stability;  the  hypertonic  group  required  5  liters. 

Extremely  hypertonic  solutions  have  been  used  to  resuscitate 
dogs,  sheep,  rats,  and  pigs  from  hypovolemic  shock 
(5,7,3,9,10,11).  These  solutions  achieve  excellent  cardiovascu¬ 
lar  resuscitation  and  do  so  with  infusion  of  very  small  quanti¬ 
ties  or  flail.  In  addition,  in  dogs  and  pigs  (12),  hypertonic 
solutions  improve  survival  rates  when  compared  to  infusion  of 
equivalent  volumes  of  normal  saline. 

Resuscitation  with  small  volumes  of  hypertonic  NaCl  offers 
many  potential  advantages  for  the  care  of  injured  soldiers  and 
civilians.  Besides  the  immediate  improvements  in  hemodynamics 
and  survival  shown  in  the  animal  studies,  a  medic  could  poten¬ 
tially  treat  and  stabilize  a  larger  number  of  soldiers  for 
transport  to  base  hospitals.  Hypertonic  sodium  may  attenuate 
cerebral  edema  in  those  who  have  suffered  head  injuries  (13) .  It 
may  also  reduce  the  incidence  of  shock  associated  organ  dysfunc¬ 
tion. 


The  purpose  of  this  contract  was  to  test  the  hypothesis  that 
3%  sodium  chloride  (1028  mOsm)  will:  1)  successfully  resusci¬ 
tate  hemody nam i cal ly  unstable  patients  (as  defined  in  methods) 
who  h-iv-  been  subjected  to  major  trauma;  and  2)  achieve  this 
resuscitation  with  infusion  of  smaller  volumes  of  solution  than 


required  by  patients  resuscitated  with  standard  isotonic  solu¬ 
tions.  Secondary  objectives  include  the  assessment  of  effect  of 
3%  NaCl  on  organ  function  and  mortality  in  trauma  patients.  It 
is  expected  that  by  obtaining  in-hospital  experience  with  the 
safety  and  efficacy  of  the  3%  NaCl  solution,  that  appropriate 
field  trials  may  be  initiated  as  well. 

Methods 


Criteria  for  Entry 

Patients  were  entered  into  the  study  if  they: 

1.  were  13  years  of  age  or  older;  and 

2.  Were  subjected  to  major  trauma  in  the  previous 
6  hours;  and 

3.  Had  evidence  of  hemodynamic  instability: 

a.  Requiring  at  least  5  liters  of  crystalloid 
solution  since  the  time  of  injury;  and 

b.  Were  known  to  have  hypotension  at  any  time 
with  a  mean  systemic  arterial  pressure  less 
than  70  mmHg . 

4.  Had  received  at  least  2  units  of  blood  replace¬ 
ment;  and 

5.  Had  received  15  ml-xg-1  of  crystalloid  during  the 
previous  hour  and  were  expected  to  continue 
receiving  at  least  15  ml/kg  of  fluid  over  the  next 
hour  (as  indicated  by  the  anesthesiologist  or 
surgeon) . 

Patients  were  excluded  if: 

1.  Their  admission  serum  creatinine  was  greater  than 
2.0  mg/dl. 

2.  Their  admission  serum  sodium  concentration  was 
jreater  than  147  mEq/L. 


Their  admission  serum  sodium  concentrat ion  was 
less  than  130  mEq/L. 


4.  Their  admission  serum  chloride  concentration  was 
greater  than  105  mEq/L. 

5.  Their  admission  serum  potassium  concent ra 1 1  on  was 
less  than  3.5  mEq/L. 

5.  Their  calculated  serum  osmolality  was  greater  than 
295  milliosmols/kg. 

7.  They  had  a  history  o£  a  seizure  disorder. 

•3.  They  had  a  history  of  cirrhosis. 

9.  They  had  a  history  of  congestive  heart  failure. 

Id.  I£  they  were  more  than  5  hours  £rom  the  time  of 

injury. 

Resuscitation _Pr  o t o  col 

Patients  were  randomized  into  a  3%  NaCl  or  lactated  Ringer's 
treatment  group  according  to  who  the  attending  trauma  surgeon 
was  at  operation,  patients  in  tne  3%  NaCl  group  were  given 
4  ml  •  Kg-1  •  hr”l  of  solution  for  up  to  3  hours.  patients  in  the 
lactated  Ringer's  group  received  12  ml  •  kg“l • hr“l  of  solution. 
Additional  isotonic  fluids  were  infused  as  needed  at  the  discre¬ 
tion  of  the  anesthesiologist  or  the  surgeon  using  standard 
clinical  judgement  for  maintenance  of  adequate  urine  output  and 
blood  pressure. 

It  should  be  mentioned  that  the  volumes  of  the  3%  NaCl  and 
lactated  Ringer's  were  selected  largely  out  of  clinical  practi¬ 
cality.  All  patients  were  going  to  receive  at  least 
15  ml*kg*hr“l  of  fluid  at  the  time  of  entry.  We  believed  that 
the  most  prudent  protocol  would  be  one  which  did  not  interfere 
with  ongoing  resusci tat  ion  efforts.  Thus,  to  administer  only 
4  ml»kg*hr~l  of  3%  NaCl  and  4  ml*kg*hr~l  of  lactated  Rimger's 
would  not  have  been  practical.  Thus,  the  4  ml*kg*hr  -  of 
3%  NaCl  was  essentially  a  supplement  to  the  large  volumes  of 
isotonic  fluid  being  administered  at  the  time  of  entry. 

Measurements 

Serum  samples  were  collected  for  measurement  of  chemistry 
panels,  blood  counts  and  blood  gases,  which  were  performed  in 
the  hospital  laborator i es .  Vital  signs,  ventilator  settings. 


and  strict  measurements  of  fluid  intake  and  output  were  col¬ 
lected  by  the  clinical  research  nurse  throughout  the  infusion 
protocol.  Subsequent  measurements  were  collected  from  the 
operating  room,  and  nursing  flow  sheets.  Injury  severity  scores 
were  calculated,  utilizing  standard  criteria  (14,15). 

The  incidence  of  mortality  and  the  presence  or  absence  of 
organ  failure  at  any  time  during  the  30  days  after  entry  into 
the  study  was  evaluated.  Severe  organ  failure  was  defined  as 
follows : 

Respiratory  failure:  requirement  for  mechanical  ventilation 
with  a  ratio  of  systemic  arterial  partial  pressure  of  oxygen  to 
inspired  oxygen  concentration  i^a02/P iOj)  less  than  150  mmHg  for 
a  period  of  more  than  24  hours  after  admission  to  the  intensive 
care  unit  or  the  need  for  more  than  3  days  of  mechanical  venti¬ 
lation.  Cardiac  failure:  a  cardiac  index  less  than 
3.0  1  i  ter s • mi nute"! *meter~2  with  a  pulmonary  arterial  wedge 
pressure  greater  than  20  mmHg.  Hepatic  failure:  one  or  more 
serum  bilirubin  concentrations  greater  than  5.0  mg/dl  in  the 
absence  of  hemolysis.  Renal  failure:  one  or  more  creatinine 
concentre t ions  greater  than  3.0  mg/dl.  Gastrointestinal  fail¬ 
ure:  any  upper  gastro i ntes t i nal  hemorrhage  requiring  trans¬ 
fusion.  Intravascular  coagulation:  a  platelet  count  less  than 
50,000  ceils/mcl  with  fibrin  monomers  and  fibrin  degradation 
products  present  in  the  serum  on  one  or  more  occasions. 

Statistics 

The  study  was  to  be  terminated  if  either  100  patients  were 
entered  or  when  a  difference  in  net  volume  administered  to  the 
two  groups  was  demonstrated  at  the  5%  level  or  less.  All  data 
are  reported  as  means  ±  g  standard  deviation.  Closed  circles  in 
the  figures  represent  the  3%  NaCl  patients.  The  lactated 
Ringer's  treatment  group  is  represented  in  the  figures  with  open 
circles  and  labeled  as  isotonic.  When  measurements  were  not 
available  in  all  patients,  the  number  of  patients  in  whom  the 
measurement  was  made  is  indicated  by  the  letter  N.  All  proba¬ 
bilities  were  calculated  using  a  two-tailed  student's  unpaired 
t-test.  The  Bonferroni  Method  was  used  t:>  modify  s.he  t-test  for 
multiple  comparisons.  Mortality  was  evaluated  with  Fisher's 
Exact  Test. 

Results 

Characteristics  of  Patients  at  Time  of  Entry 


Between 
admitted  to 
131  deaths. 


July  1985  and  April  1986,  1,156  patients  were 
the  trauma  service.  There  were  579  operations  and 
Twenty  severely  injured  patients  wr-e  entered  i  ito 


the  study  --  10  in  the  3%  NaCl  and  10  in  the  lactated  Ringer's 
group.  Approximately  35  patients  were  excluded:  10  had  been 
stabilized  by  the  time  the  research  nurse  had  reached  the 
operating  room;  10  were  more  than  6  hours  from  their  injury; 
5  had  electrolyte  abnormalities;  10  lacked  central  venous 
catheters  (which  were  initially  required  at  the  start  of  the 
study)  . 

The  mechanism  of  the  injury  for  patients  entered  into  the 
study  is  L  id  Lea  ted  in  Tables  I  and  II.  Five  patients  in  the 
34  had  group  and  4  patients  in  the  lactated  Ringer's  group 
suffered  blunt  injuries.  Five  of  the  3%  NaCl  patients  and  six 
of  the  lactated  Ringer's  patients  suffered  penetrating  injury. 
Tables  III  and  IV  show  that  the  baseline  vital  signs,  laboratory 
values,  urine  output,  fluid  and  blood  replacement  were  similar 
tor  the  two  groups,  with  the  exception  of  the  Pa02/Pi02  ratios 
and  platelet  counts.  The  patients  in  the  3%  NaCl  group  had  a 

mean  i>a02/f‘i02  ratio  of  240  ±  131  versus  380  ±  135  in  the 
lactated  Ringer's  group  (p<0.03).  The  platelet  counts  for  the 
3%  NaCl  group  were  231,000  ±  17,000  (cells/mcl)  versus 
143,000  ±  77,000  for  the  lactated  Ringer's  group  (p<0.03).  The 
patients  in  the  3%  NaCl  group  were  entered  into  the  study  over  a 
period  ranging  from  1.5  to  3  hours  (mean  =  2.1  +  0.4  hours)  from 
the  time  of  injury;  the  time  of  entry  for  the  lactated  Ringer's 
patients  range  3  from  2  to  5  hours  (3.5  ±  1.0  hours)  (p<0.001). 

Response  to  Resuscitation  protocol 

Data  for  the  cumulative  crystalloid  replacement  during  the 
first  2  hours  of  the  study  anl  subsequent  measurements  carried 
out  to  8  and  24  hours  are  shown  in  Figure  2.  At  the  end  of  two 
hours,  tiie  volume  of  fluid  required  by  the  3%  NaCl  group  was 
39  t  17  ml • Kg-1 .  This  was  significantly  less  (p<0.03)  than  the 
69  ±  35  ml’Kg-1  of  fluid  required  by  the  lactated  Ringer's  group 
to  maintain  hemodynamic  stability. 

At  8  hours,  the  cumulative  volume  of  crystalloid  adminis¬ 
tered  was  103  ±  52  (ml*kg"l)  for  the  3%  NaCl  group  versus 
187  ±  33  (p<0 . 04)  for  the  lactated  Ringer's  group.  By  24  hours, 
the  3%  NaCl  group  had  received  189  ±  139  ml/kg  of  crystalloid 
versus  311  ±  107  (p>0.05)  in  the  lactated  Ringer's  group. 

Figure  3  shows  individual  volumes  (in  milliliters)  of 
3%  NaCl  administered  for  the  three  hour  study  period.  The 
volume  of  3%  NaCl  administered  at  the  end  of  1  hour  was 
4.0  +  0.0  ml*kg~l.  Two  patients  had  the  3%  NaCl  infusion 
stopped  at  this  time  due  to  serum  sodium  concentrations  above 
155  mEq/L.  The  infusion  was  stopped  in  a  third  patient  who  no 


longer  required  15  ml*kg~l*hr~l  of  fluid.  A  fourth  patient  in 
the  3%  NaCl  jroup  died  during  the  first  hour.  All  of  the 
patients  in  the  3%  NaCl  group  received  supplemental  isotonic 
solutions  throughout  the  3  hour  study  period.  Only  one  laotated 
Ringer's  patient  was  eliminated  at  the  end  of  one  hour,  as  he  no 
longer  required  15  ml*Kg-1*hr-1  of.  fluid. 

At  the  end  of  two  hours,  five  patients  in  the  3%  NaCl  group 
had  the  infusion  stopped  as  they  no  longer  required 
15  ml*Kg~l*hr“l  of  fluid.  A  sixth  patient  had  the  infusions 
stopped  for  a  serum  sodium  concentration  above  155  mEq/L, 
measured  at  the  end  of  the  first  hour  and  reported  one  hour 
later.  This  resulted  in  the  nine  patients  who  were  alive  at  the 
end  of  two  hours  receiving  an  average  of  7.0  ±  i.g  ml*kg-1  of 
the  3%  NaCl  solution.  Three  of  the  patients  received  the 
3%  NaCl  solution  for  the  full  three  hour  period.  This  resulted 
in  an  average  volume  of  8.3  +  3.1  ml*kg-1  of  3%  NaCl  being 
administered  over  the  3  hour  study  period.  In  the  lactated 
Ringer's  group,  one  patient  died  at  the  end  of  two  hours.  The 
remaining  lactated  Ringer's  patients  continued  to  require  at 
least  15  ml*kg-l*hr  of  fluid  at  the  end  of  the  second  and  third 
hour  evaluation  periods. 

During  the  course  of  the  first  two  hours  of  the  study,  each 
group  received  equivalent  amounts  of  sodium.  This  continued 
throughout  the  24  hours  evaluation  period  (Figure  4) . 

In  conjunction  with  decreased  fluid  requi rements ,  the  cumu¬ 
lative  urine  output  was  3.8  ±  7.0  ml*kg-l  at  the  end  of  two 
hours  in  the  3%  NaCl  group  versus  3.0  +  2.3  ml*  kg-1  in  the 
lactated  Ringer's  group  (p<0.02)  (Figure  5)".  The  8  hour  cumula¬ 
tive  urine  output  in  the  3%  NaCl  group  was  21.5  +  10.4  (ml*kg-1) 
versus  10.2  ±  3.8  in  the  lactated  Ringer's  group  (p<0.01).  The 
24  hour  values  were  41.3  ±  20.0  for  the  3%  NaCl  group  versus 
30.6  ±  11.6  ( p> 0 . 0 5 )  . 

The  volume  of  blood  replaced,  systolic  blood  pressures,  and 
hematocrits  were  comparable  throughout  the  24  hour  study  period 
(Figures  5,  7,  and  8).  Serum  sodium  concentrations  were  found 
to  be  significantly  increased  in  the  3%  NaCl  group  at 
1  hour  --  152  ±  s  versus  146  ±  2  (p<0.02)  (Figure  9).  There 
were  no  further  significant  differences  at  4,  3,  and  24  hours. 
The  maximum  serum  sodium  concentration  was  162  mEq/L  in  a 
patient  who  received  400  ml  of  3%  NaCl.  In  addition,  he  had 
received  10  ampules  of  sodium  bicarbonate  during  the  second  hour 
of  the  study. 


Serum  chloride  concentrations  were  elevated  to  117  ±  6  at 
1  hour  in  the  3%  NaCl  group  versus  110  ±  5  (p<0.0i)  in  the 
lactated  Ringer's  group  (Figure  10).  The  values  were  no  longer 
different  at  4,  3,  and  24  hours.  The  maximum  serum  chloride  was 
130  mEq/L  in  the  same  patient  mentioned  above. 

Serum  osmolality  in  the  3%  NaCl  group  was  elevated  to 

313  ±  li  at  1  hour  versus  299  ±  3  (p<0.02)  in  the  lactated 
Ringer's  group.  The  4  hour  serum  osmolality  remained  elevated 

at  311  ±  versus  302  ±  5  (p<0.04)  (Figure  11).  These  differ¬ 
ences  did  not  persist  at  8  and  24  hours.  The  maximum  serum 
osmolality  was  370  mOsm/L  in  the  same  patient  with  the  highest 
serum  sodium  and  chloride  levels. 

These  transient  elevations  in  serum  sodium,  Cl  and 
osmolality  were  not  associated  with  any  adverse  effects.  In 
addition,  we  evaluated  the  efficacy  of  infusion  of  the  3%  NaCl 
solution  via  peripheral  veins.  There  was  no  external  evidence 
of  inflammation  at  the  catheter  site. 

All  patients  were  mechanically  ventilated  on  100%  oxygen  at 
the  time  of  entry  into  the  study.  The  Pa02/Fi0o  ratios  remained 
stable  throughout  the  24  hour  study  period  in  the  3%  NaCl  group 
(Figure  12).  The  paQ2/Fi02  ratios  in  the  lactated  Ringer's 
group  ,  which  were  better  at  the  time  of  entry,  deteriorated 
throughout  the  24  hour  period  (Figure  12).  At  the  end  of 
24  hours,  the  mean  pa02/pi02  ratio  for  the  3%  NaCl  group  was 
256  ±  108  versus  197  ±  94  (p>0.05)  in  the  lactated  Ringer's. 
However,  the  difference  between  the  baseline  (380  ±  135)  and 
24  hour  values  (256  ±  103)  for  the  patients  in  the  lactated 
Ringer's  group  was  significant  (p<0.0033).  The  baseline  and 
1  hour  pH  measurements  were  equivalent.  At  4  hours,  the  pH  in 
the  3%  NaCl  group  had  increased  to  7.33  ±  0.07  versus 
7.24  ±  0.07  (p<0.02)  in  the  lactated  Ringer's  group.  At  8  hours, 
the  mean  pH  for  the  3%  NaCl  group  had  risen  to  7.36  ±  0.07 
versus  7.27  ±  0.08  (p<0.03)  in  the  lactated  Ringer's  group.  By 
24  hours  the  values  for  each  group  were  similar  (Figure  13). 

Additional  evaluations  of  fluid  status,  performed  for  up  to 
7  days  after  entry  into  the  study  did  not  show  any  differences 
between  the  two  groups.  Similar  follow-up  of  pulmonary  function 
did  not  show  any  differences  for  the  first  7  days,  nor  at  14  and 
30  days  after  entry  into  the  study. 

Post-Resuscitation  Clinical  Course 

After  operation,  all  patients  required  mechanical  ventila¬ 
tion  and  were  admitted  to  the  intensive  care  unit.  In  the 
3%  NaCl  group,  two  patients  were  extubated  by  the  en  1  <-f  the 


first  24  hours.  Two  more  patients  were  extubated  at  48  hours. 
One  of  these  patients  required  re-intubation  5  days  later.  One 
patient  died  on  day  6,  a  second  patient  died  on  day  8,  and  a 
third  died  25  days  after  entry  into  the  study.  In  hue  Instate! 
Ringer's  group,  the  first  patient  was  extubated  at  3  days.  One 
pitient  died  at  49  days,  a  second  patient  died  83  days  after 
entry  into  the  study.  The  30  day  mortality  of  40%  in  the 
3%  NaCl  jroup  was  not  signi  f  i  Mntly  different  from  the  10% 
mortality  in  the  lactated  Ringer's  group.  The  final  overall 
mortality  in  the  lactated  Ringer's  group  was  40%. 

Details  of  the  clinical  outcomes  are  shown  in  Table  V.  The 
data  tor  days  of  mechanical  ventilation,  days  in  the  intensive 
"are  unit  and  days  of  hospitalization  include  the  values  for  the 
non-survivors.  Despite  the  initial  stability  of  pulmonary 
function  in  the  3%  NaCl  group,  seven  patients  developed  respira¬ 
tory  failure,  along  with  nine  patients  in  the  lactated  Ringer's 
group.  Only  three  patients  in  the  3%  NaCl  group  remained  free 
from  postoperative  complications  of  organ  failure.  All  of  the 
lactated  Ringer's  patients  developed  failure  of  one  or  more 
organs . 

Conclus ion 

In  summary,  the  short  term  results  in  this  small  number  of 
patients  were  far  better  than  we  had  anticipated,  allowing  us  to 
terminate  the  study  one  year  earlier  than  we  predicted.  In 
20  patients,  we  found  that  the  3%  NaCl  solution  achieved  excel¬ 
lent  resusc  i  tat  ion  with  less  volume  than  was  required  by  the 
lactated  Ringer's  group  within  two  hours  after  entry  into  the 
study .  All  of  the  patients  were  seriously  injured  and  these 
injuries  seemed  comparable,  based  on  the  injury  severity  scores 
and  blood  loss  at  time  of  entry  and  the  subsequent  24  hour  study 
period.  The  3%  NaCl  solution  provided  a  more  rapid  correction 
of  metabolic  acidosis  and  improved  urine  output  while  maintain¬ 
ing  cardiovascular  and  pulmonary  stability  throughout  the  study. 
The  24  hour  fluid  intake  was  not  statistically  different,  how¬ 
ever,  when  corrections  were  made  for  multiple  comparisons  the 
marxed  deterioration  in  the  ?a02/pid2  ratio  in  the  lactated 
Ringer's  group  lends  further  support  to  the  advantages  of  reduc¬ 
ing  water  load  by  resusc i ta t ion  with  hypertonic  solutions.  The 
outcomes,  in  terms  of  development  of  organ  failure  were  similar 
for  the  two  groups.  Despite  the  encouraging  findings  in  the 
first  24  ho  irs  of  the  study,  seven  patients  in  the  3%  NaCl  group 
anJ  ten  of  the  patients  in  the  lactated  Ringer's  group  developed 
failure  of  one  or  more  organs.  Lastly,  the  early  benefits  of 
foe  3%  NaCl  solution  were  not  associated  with  any  evi  Jones  of 
improved  long-term  survival. 


Recommendations 


The  results  of  this  first  trial  in  a  group  of  severely 
injured  patients  are  promising.  We  have  documented  the  safety 
and  short-term  efficacy  of  a  3%  NaCl  solution  in  moderate  vol¬ 
umes.  This  should  allow  us  to  initiate  more  aggressive  trials 
evaluating  solutions  with  higher  salt  concentrations  earlier  in 
the  course  of  resusci tation  where  they  are  expected  to  be  of  the 
most  benefit  to  the  injured  soldier  or  civilian. 
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TABLE  III:  CONDITION  OF  PATIENTS  AT  TIME  OF  ENTRY  INTO  STUDY 


3X  NaCl 

Lactated  Ringer1! 

Mean  ±  SD 

Mean  +  SD 

AGE 

36  + 

13 

36 

±  21 

GLASGOW  COMA  SCORE1 

3  + 

0 

3 

±  0 

INJURY  SEVERITY  SCORE 

34  + 

10 

33 

±  8 

SYSTOLIC  BP  (mmHg) 

98  ± 

41 

105 

±  29 

HR  (beats/min) 

107  + 

39 

114 

±  13 

p  a°2/F 1 °22 

240  ± 

131 

* 

380 

±  135 

pH 

7.26  i 

0.08 

7.22 

+  0.13 

HCO3  (mEq/L) 

18  ± 

3 

17 

±  5 

SODIUM  (mEq/L) 

144  ± 

3 

145 

t  5 

POTASSIUM  (mEq/L) 

3.8  + 

0.5 

3.7 

±  0.3 

CHLORIDE  (mEq/L) 

111  + 

7 

109 

±  4 

BUN  (mEq/L) 

11  + 

4 

11 

±  4 

CREATININE  (mg/dl) 

1.0  + 

0.2 

0.9 

±  0.3 

BILIRUBIN  (mg/dl) 

0.8  ± 

0.4 

0.8 

±  0.3 

OSMOLALITY  (mOsm/L) 

308  + 

20 

303 

±  10 

HEMOGLOBIN  (mg/dl) 

9.1  + 

2.6 

7.5 

±  2.6 

HEMATOCRIT  (X) 

25.5  + 

7.6 

22.7 

±  8.8 

PLATELET  COUNT  (cells/mcl) 

Difference  between  groups 

231,000  +  17,000 

( p<0.03) . 

★ 

149, 

000  ±  77,000 

Glascow  Coma  Scores  were 
thesi a . 

3  in  all 

patients  at 

time 

of  entry 

due  to  anes- 

^Pa0o/Fj02  =  Ratio  of  partial  pressure  of  oxygen  in  systemic  arterial  bloo< 
to  fractional  inspired  oxygen  concentration  (Normal  =  approximate^ 
450) . 


Lactated  Ringer's 


TABLE  V:  OUTCOME 


31  NaCl 

Lactated 

LENGTH  OF  OPERATION  (Hours) 

3.6  +  2.0 

5.7  ±  4 

OVERALL  SURVIVAL 

6/10 

7/10 

DAYS  OF  MECHANICAL  VENTILATION 

14  ±  20 

29  ±  26 

DAYS  IN  INTENSIVE  CARE  UNIT 

18  ±  27 

38  ±  30 

DAYS  OF  HOSPITALIZATION1 

28  +  36 

49  ±  38 

RESPIRATORY  FAILURE 

7/10 

9/10 

CARDIAC  FAILURE 

1/10 

0/10 

HEPATIC  FAILURE 

4/10 

4/10 

RENAL  FAILURE 

2/10 

1/10 

GASTROINTESTINAL  FAILURE 

0/10 

0/10 

COAGULATION  FAILURE 

1/10 

2/10 

NO  ORGAN  FAILURE 

3/10 

0/10 

SINGLE  ORGAN  FAILURE 

2/10 

5/10 

TWO  OR  MORE  ORGAN  FAILURES 

5/10 

5/10 

^ne  patient  in  each  group  remains 

hospitalized  at 

time  of  rep 

•  •  V*  ^  *  i «r.. 


rwefCi *«**%»»' 
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FIGURE  1:  ALGORITHM  FOR  INFUSION  OF  3*  NaCl  OR  LR  SOLUTION 


FIGURE  3:  VOLUME  OF  3%  SODIUM  CHLORIDE  SOLUTION 
ADMINISTERED  DURING  THE  3  HOUR  INFUSION  PERIOD. 
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FIGURE  4:  CUMULATIVE  AMOUNT  OF  SODIUM  ADMINISTERED 
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FIGURE  9:  SERUM  SODIUM  CONCENTRATIONS 


(mOsm/Kg) 
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FIGURE  11:  SERUM  OSMOLALITY. 


(PAO2/FIO2) 
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FIGURE  12:  PAO2/FIO2  RATIOS.  THE  VALUES  BEFORE  ENTRY  IN 
THE  LR  GROUP  WERE  SIGNIFICANTLY  DIFFERENT  FROM  THE  24  HOUR 
VALUES  (P  <  0.003);  THE  VALUES  FOR  THE  3%  NACL  GROUP  REMAINED 
STABLE  THROUGHOUT  THE  24  HOUR  PERIOD,  DESPITE  THE  DIFFERENCES 
IN  THE  VALUES  BEFORE  ENTRY  (P  <  0.03). 


I.M 


FIGURE  13:  ARTERIAL  pH  MEASUREMENTS 


USE  OF  A  3%  NaCl  SOLUTION  TO  RESUSCITATE  SEVERELY  INJURED  PATIENTS 
James  W.  Holcroft,  M.D.  and  Mary  J.  Vassar,  R.N. 

Department  of  Surgery,  University  of  California,  Davis,  CA 

Twenty  severely  injured  patients  were  entered  into  a  prospective 
open-label  study  to  evaluate  a  moderately  hypertonic  NaCl  solution  for 
resuscitation  of  shock.  All  patients  had  received  at  least  6  1  of 
isotonic  fluids  for  resuscitation  before  entry;  all  required  at  least 
15  ml/kg  during  the  hour  before  entry.  Over  two  hours,  ten  patients 
received  3%  NaCl,  4  ml/kg/hr,  in  addition  to  isotonic  fluids  as  needed 
to  maintain  urine  output  and  blood  pressure.  Ten  served  as  controls 
and  received  isotonic  fluids  only.  The  hypertonic  group  received  a 
total  of  7.0±1.6  (SD)  ml  of  3%  NaCl  over  two  hours. 


Total 

Na  In 
(mEq/kq) 

Total 
Blood  In 
(ml/kq) 

Total 
Fluid  In 
(ml/kq) 

Total 

Urine  Out 
(ml/kq) 

Systolic 

BP 

(mmHq) 

Before 

3% 

14±3 

23±18 

102±20 

3±2 

100±39 

entry 

Iso 

17±4 

24±17 

120±30 

7±7 

112±25 

1  hr 

3% 

5±2 

15±20 

20±10 

4±3 

107+41 

Iso 

5±3 

14±11 

32±16 

2±2 

1 1 1 ± 15 

2  hrs 

3% 

9±3 

19±25 

39±17 

9±7 

116±29 

Iso 

10±4 

26±22 

69±35 

p<0.03 

3±3 

p<0.02 

1 17± 18 

Means  ±  1  SD;  p  value  by  two-tailed  t-test;  intake  and  output 
cumulative  during  the  study. 

Pi scussion :  3%  NaCl  effectively  maintained  cardiovascular  function 

in  these  severely  injured  patients  and  reduced  fluid  requirements 

by  one-half.  Hypertonic  solutions  may  be  particularly  effective  in 

the  early  resuscitation  of  injured  patients,  particularly  in  situations 

in  which  it  is  impossible  to  infuse  large  amounts  of  fluid. 

Submitted  To:  The  Association  for  Academic  Surgery 
May  1986 
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